has been named guanacoite after the locality. Both mineral and name have been approved by the IMA Commission on New Minerals and Mineral Names prior to publication (vote 2003-021) . Type material is deposited in the Mineralogical Collection of the Bergakademie Freiberg, Germany, as No. 79704.
Independent investigations by one of the authors (ARK) had revealed that a mineral identical to guanacoite also occurs at Taghouni (Tarouni), Bou Azzer district, Morocco. It was decided to combine both datasets into the present description. The specimens of guanacoite from Taghouni studied are preserved in the collection of the Mineral Sciences Department of the Natural History Museum of Los Angeles County as nos. 55435, 55436 and 55437.
Occurrence and paragenesis
The type locality of guanacoite is the El Guanaco mine (or Guanaco mine), 93 km east of Taltal, approximately 230 km southeast of Antofagasta, 2 nd Region (Antofagasta), Northern Chile. The El Guanaco mine consist of several pits and underground workings. All guanacoite samples were found on a mine dump, so the exact position of the occurrence within the mining field is not known.
The El Guanaco deposit is a high sulphidation-style, Au-rich epithermal deposit hosted by felsic rocks belonging to a Paleocene to early Eocene volcanic belt. Acid alteration and weathering processes (mainly alteration of enargite) have led to formation of a variety of supergene minerals, including arhbarite, bismoclite, brochantite, chenevixite, clinoclase, conichalcite, iodargyrite, lammerite, lavendulan, lemanskiite (OndruŠ et al., 2006) , malachite, olivenite and scorodite. The El Guanaco mine has been worked for gold, silver and copper, and, although mining operations ceased in 1997, recovery of metal from the leach pads continued and exploration led to the discovery of further mineralizations. At present, the mine is owned by the Diamon Rose company and specimen collecting is restricted (A. Molina, pers. comm., 2004) .
Guanacoite is associated with dark blue, dense crusts of arhbarite, Cu 2 Mg(AsO 4 )(OH) 3 (Färber et al., 1998 , Krause et al., 2003 , conichalcite, olivenite and chrysocolla. On other specimens, brochantite, quartz and enargite were observed. The enargite forms black crystals covered by a relatively thick crust of arhbarite which in turn forms the base of guanacoite sprays. Small, supergene quartz prisms are perched on the arbharite.
At Taghouni, Bou Azzer district, Morocco, guanacoite occurs in cavities in quartz and pink cobaltoan dolomite. Crystals of chalcopyrite and chromite are found imbedded in the quartz and crystals of cuprite occur in the dolomite. Other secondary minerals closely associated with guanacoite include malachite and agardite-(Ce). The material containing guanacoite was originally collected by one of the authors (GF) on mine dumps.
It appears that the formation of guanacoite is restricted to arid and Mg-rich rich environments. At the type locality, the component metals are derived from the weathering of enargite (Cu, As) and an apparently dolomitic country rock (Mg). The Mg-Cu-arsenate arbharite seems to be a characteristic mineral accompanying guanacoite.
Appearance and physical properties
Guanacoite from the type locality occurs as blue to pale blue, prismatic to needle-like crystals up to 0.7 mm in length, usually in subparallel intergrowths or radiating sprays. The crystals are elongated along [100] . They show {031} as the dominant form and are terminated by {120}. Rarely, the forms { -111} and { -121} were observed. The Taghouni material is elongated on [100], shows dominant prisms {021} and is terminated by {100}.
The streak of the mineral is white to pale blue. The crystals have a vitreous luster and are transparent. The Mohs hardness of guanacoite is 3. The mineral is brittle and its fracture is uneven to conchoidal. It shows a cleavage parallel to {010}. The cleavage plane was derived from effects of preferred orientation in the X-ray powder diffraction pattern recorded in reflection geometry. The isotypic arsenate mineral akrochordite (see Discussion) has an identical cleavage. Guanacoite shows no fluorescence when irradiated with ultraviolet light, independent of the excitation frequency. The density, measured by the flotation method in a mixture of diiodomethane and tetrabromoethane, is 3.31(2) g/cm 3 . The calculated density for Z = 2 is 3.36 g/cm 3 for the ideal composition and 3.30 g/cm 3 for the average Cu/Mg ratio measured by electron microprobe (calculated according to Mandarino, 1981a) . For the material from Taghouni a density of 3.29(2) g/cm 3 was measured by the flotation method in Clerici solution. Optically, guanacoite is biaxial negative with α 1.664(1), β 1.691(1), γ 1.695(1) (wavelength 589 nm), and 2V(meas.) = 31(1)°, 2V(calc.) = 42°. Optic angle dispersion is weak, r > v. The orientation is X ~ c, Y ^ a 10°(in obtuse β), and Z = b. A pleochroism was not observed. Crystals lying on {031} show an oblique extinction of 10°with respect to their elongation. For the material from Taghouni α 1.663(1), β 1.691(1), γ 1.693(1) (589 nm), 2V(meas.) = 31(1)°, a strong dispersion r > v and a pleochroism Z greenish blue >> X pale greenish blue > Y nearly colorless was observed. The orientation is Z = b and Y ^ a = 17°(in obtuse β).
Chemical composition
Chemical analyses of guanacoite were performed by means of both energy-dispersive (EDX) and wavelengthdispersive (WDX) X-ray spectrometry. An EDX spectrum revealed Cu, Mg, As (note that the latter two overlap completely), and O as the only elements present with atomic number > 7. Quantitative analyses were conducted with a Jeol JXA-8900R electron microprobe operated at an acceleration voltage of 20 kV and a beam current of 23 nA with CuFeS 2 (Cu), MgAl 2 O 4 (Mg), and NiAs (As) as standards. The CAMECA program PAP was used for data reduction.
The crystal was analyzed at 11 different points. The average analysis (wt.% and standard deviation) is given in Table 1 . The MgO content is inversely correlated with the CuO content due to the mutual substitution of Mg 2+ and Cu 2+ cations in the crystal structure (see below). For that reason also increased standard deviations for CuO and MgO were obtained. The water content was determined by thermal analysis. The mineral shows a weight loss in two broad steps around 200°C and 500°C. The total weight loss measured, 18 wt.%, is considered only approximate because of the very small amount of material available for the analysis. Nonetheless, the H 2 O content calculated from The Gladstone-Dale compatibility index is -0.022, indicating 'excellent' agreement between the chemical and physical data (Mandarino, 1981b) .
Chemical analyses of guanacoite from Taghouni were conducted using a Cameca SX50 electron microprobe operated at 15 kV and 15 nA with Cu metal (Cu), diopside glass (Mg) and CoAs 2 (Co) as standards. Five analyses, each on separate grains, gave the results presented in Table  1 . No water analysis was performed on the Taghouni material.
Guanacoite is slowly dissolved in cold and rapidly dissolved in warm dilute mineral acids, such as HCl, H 2 SO 4 and HNO 3 .
X-ray powder diffraction
The X-ray powder diffraction pattern (Table 2 ) was recorded using a Siemens D500 diffractometer with CuKα 1 radiation (λ = 1.5406 Å) and a secondary graphite monochromator. The reflections were indexed based on the results of the single-crystal study. Refinement of the powder diffraction data gave the unit-cell parameters a = 5.482(4), b = 16.84(1), c = 6.911(5) Å, β = 99.98(7)°, V = 628.57(5) Å 3 .
The X-ray powder diffraction pattern for guanacoite from Taghouni was obtained using a using a 114.6 mm diameter Gandolfi camera and Ni-filtered CuKα radiation. It was in good agreement with the powder data of the type material.
816 Table 3 . Crystal data, data collection information and refinement details for type guanacoite. Otwinowski et al. (2003) . 
Crystal data
** w = 1/[σ 2 (F o 2 ) + (0.003P) 2 + 1.26P]; P = ([max of (0 or F o 2 )] + 2F c 2 )/3.
Crystal structure

Structure determination
The crystal structure of guanacoite has been solved from single-crystal intensity data collected with a Nonius KappaCCD four-circle diffractometer (MoKα radiation, CCD area detector, 293 K). A full sphere of reciprocal space up to 2θ = 65°was measured from a suitably sized fragment (see Table 3 for details). The measured intensity data were processed with the Nonius program suite DENZO-SMN and corrected for Lorentz, polarization, background and absorption effects. Extinction conditions and intensity statistics unambiguously indicated the space group P2 1 /c. The structure was then solved in space group P2 1 /c by direct methods (SHELXS-97, Sheldrick, 1997a) and subsequent Fourier and difference Fourier syntheses, followed by full-matrix least-squares refinements on F 2 (SHELXL-97, Sheldrick, 1997b) . All hydrogen atoms could be located. Because the structure-solution showed guanacoite to be isotypic with akrochordite, (Mn,Mg) 5 (OH) 4 (H 2 O) 4 (AsO 4 ) 2 (Moore et al., 1989) , the atom site designations of akrochordite were subsequently adopted. The final refinement step yielded R1(F) = 2.10 % and for 2052 'observed' reflections with F o > 4 σ(F o ) [wR2 all (F 2 ) = 4.59 %]. The final positional and displacement parameters are given in Tables 4 and 5 . Selected bond distances, bond angles and the hydrogen bonds are presented in Table 4 . A bond-valence analysis is given in Table 7 . A list of observed and calculated structure factors can be obtained from one of the authors (U.K.) or through the E.J.M. Editorial Office -Paris.
We note that in our previous, preliminary account of the crystal structure (Kolitsch et al., 2000) , which was based on a measurement of a distinctly smaller, Mg-richer crystal fragment with the dimensions 50 × 50 × 30 μm (resulting in poor intensity statistics), we had assumed that the structure is possibly triclinic (space group P -1), albeit strongly pseudo-monoclinic (pseudo-P2 1 /c). However, the R-values and standard uncertainties for both models (R1(F) for P -1 = 3.7 % for 3166 'observed' reflections; R1(F) for P2 1 /c 3.9 %) did not allow a definite statement on the correct space group, and not all H atoms were detectable. The (Table 3) , are very close to those refined from the X-ray powder diffraction data (see previous section). Furthermore, the values for R int and standard uncertainties are all better for the monoclinic model, and a search for higher symmetry in the triclinic model with PLATON (Spek, 2003) 
Description of the crystal structure
The asymmetric unit of guanacoite contains one Cu(1) site which is occupied by a mixture of Cu and Mg [refined occupancy ratio 0.504(3):0.496(3)], one Cu(2) site, one Mg(3) site containing a very small amount of Cu [refined occupancy ratio 0.961(2):0.039(2)], one As site, eight O sites and 16 H atoms (all detected and refined without restraints) ( Table 4 ). The Cu(2) site has a distorted [4+1+1]-coordination (Table 6) ; the sixth O neighbour of the Cu atom is at 2.6922(17) Å, and, although it may be too remote to be counted as a ligand, its inclusion facilitates the topological description. The Cu(1) site forms a slightly distorted (Cu,Mg)O 6 octahedron (range of (Cu,Mg)-O bond lengths: 2.0198(17) to 2.1862(18) Å), whereas the Mg(3) site forms a similarly distorted MgO 6 octahedron with Mg-O bond lengths ranging from 2.0272(18) to (5) 0.0111 (7) 0.0106 (7) 0.0124 (7) -0.0026(6) -0.0017(6) -0.0003(6) Oh (6) 0.0110 (7) 0.0115(8) 0.0122 (7) -0.0019(6) -0.0021(6) -0.0002(6) Ow (1) 0.0130 (7) 0.0090 (7) 0.0134 (7) -0.0015(6) -0.0024(6) -0.0006(6) Ow (2) 0.0118 (8) 0.0141 (8) 0.0228 (9) -0.0036 (7) -0.0010 (7) -0.0016 (6) 2.1760(19) Å (Table 6 ). The AsO 4 tetrahedron is fairly regular, with As-O distances ranging between 1.6714(17) and 1.6987(16) Å, and maximum angular distortions from ideal tetrahedral angles are less than 5.3° (Table 6 ). The dominating elements of the structure are edgesharing, distorted Cu(1)-, Cu(2)-and Mg(3)O 6 octahedra which form a ribbon extending along the a-axis (Fig. 1,2) . The octahedral ribbon represents a portion of brucite [Mg(OH) 2 ]-type layers, not rarely encountered in transition metal oxysalt structures. The topology of the ribbons is very similar to those in amphiboles (e.g., the ribbon in tremolite, which, according to amphibole nomenclature, consists of M (1) et al., 2001) , where they are composed of NaO 6 and REEO 6 octahedra; unlike in tremolite, adjacent ribbons are edge-linked via additional REEO 6 octahedra. The octahedral ribbons in guanacoite are linked to adjacent, parallel ribbons via corners of AsO 4 tetrahedra (Fig. 2,3) . Thus, heteropolyhedral slabs parallel to (010) are formed (Fig. 3) . As in isotypic akrochordite, the slabs are linked to each other only by very strong hydrogen bonds crossing the (010) plane at y ~0.25 and ~0.75 at oblique angles (Tables 6, 7; Fig. 3 ). The very strong hydrogen bond Ow(1)-H(4)···O (4), directed approximately along the a-axis (Fig. 3) , provides an internal stabilisation of the slab. The calculated bondvalence sum of O (4) is noteworthy. Although its value, 1.22 valence units (Table 7) , seems very low and, at first sight, would suggest that O(4) represents an OH group, this is not the case. Whereas AsO 3 OH groups characteristically have one long As-OH bond and three short ('normal') As-O bonds (e.g., Ferraris, 1970; Ferraris & Ivaldi, 1984) , the As-O(4) bond length in guanacoite, 1.6934(16) Å, is not significantly different from the other three As-O bond lengths (Table 6 ). Furthermore, O(4) receives considerable bond-valence contributions from the H atoms bonded to three Ow atoms. As in akrochordite, these three hydrogen bonds are very strong: Ow···O(4) with distances of 2.578(2), 2.604(2) and 2.621(2) Å (Table 6 ). O(3) is also distinctly underbonded (1.69 v.u.) but receives considerable bond-valence contributions from the H atoms bonded to Ow(2) and Oh(5).
In the structure of the previously studied fragment (Kolitsch et al., 2000) , the mixed-cation site Cu(1) is char-818 Table 6 . Selected bond distances (Å) and angles (°) for the coordination polyhedra in guanacoite. Cu(1)* -Oh(6) x2 2.0198 (17) Cu (2) (3) 
Relationships to other minerals
As already mentioned briefly above, guanacoite is isotypic with akrochordite, (Mn,Mg) 5 (OH) 4 (H 2 O) 4 (AsO 4 ) 2 , a rare arsenate originally described from Långban (Flink, 1922; Moore et al., 1989) . Table 8 gives a brief comparison of relevant data of the two species. The comparison shows that the unit-cell volume of akrochordite is larger by about 7 % (expected from the larger size of the Mn 2+ cation), although the cell parameter c is larger in guanacoite. The latter increase might be explained by the distorted coordination environment of the Cu(2) site [a referee pointed out that especially the Cu(1) and As sites show a stronger bondangle distortion than the equivalent sites in akrochordite, and that these distortions and the concomitant shear within the unit cell allow O(4) to form the strong hydrogen bonds connecting the slabs]. The packing efficiency V E of the atomic arrangement of guanacoite, which is obtained by dividing the unit cell volume by the total number of anions in a given cell, amounts to V E = 19.7 Å 3 , i.e., smaller than that of akrochordite (V E = 21.1 Å 3 ).
In akrochordite, all three cation sites in the octahedral ribbon are strongly dominated by Mn. For unknown reasons, Moore et al. (1989) did not refine the Mn:Mg ratios on these three sites, although they state that «It is likely that Mg substitutes at Mn(1) followed by Mn(3).» Thus, the preference of Mg for one of the three sites seems different in akrochordite. Mg in akrochordite does not seem to have a stabilising role: akrochordite from Sterling Hill, New Jersey, is nearly Mg-free (Dunn, 1981) , unlike the magnesian samples from Långban.
Atomic arrangements very similar to that in guanacoite, but involving triple chains (ribbons) of [4+2] Krause et al., 2003) . The only known CuMg-phosphate mineral is nissonite (Cu 2 Mg 2 (PO 4 ) 2 (OH) 2 ⋅5H 2 O, Groat & Hawthorne, 1990) which is structurally unrelated to guanacoite or arhbarite.
Vibrational spectroscopy
An FTIR spectrum of a powder sample (Fig. 3 ) was recorded with a Nicolet 5PC FTIR using a diamond microcell (resolution ± 2 cm -1 ). The spectrum shows strong absorption bands at 3554 and 3509 cm -1 due to hydroxyl groups (O-H stretching vibrations). There is a significant indication of molecular water (H-O-H bending mode) at 1614 cm -1 . Strong to very strong absorption bands are due to vibrations of the arsenate group at 1063, 872, 827, 827, 777, 685, 489, 452 and 420 cm -1 .
Laser-Raman spectra of single-crystal fragments of guanacoite (Fig. 4) were recorded in the range from 4000 to 100 cm -1 with a Renishaw M1000 MicroRaman Imaging System using a laser wavelength of 633 nm and excitation through a Leica DMLM optical microscope (spectral resolution ± 2 cm -1 , minimum lateral resolutioñ 2 μm, unpolarised laser light, random sample orientation). The spectrum shows two slightly broadened bands due to O-H stretching vibrations at 3561 (medium strong) and 3510 cm -1 (weak), in agreement with the presence of at least two different OH molecules in the structure. Using the correlation established by Libowitzky (1999) , O-H···O distances between roughly 2.9 and 3.0 Å can be calculated from the measured O-H band positions; these distances would correspond to the hydrogen bonds provided by Oh(5) and Oh(6) ( Table 6) . A very broad and weak bump at ~2996 cm -1 is attributed to O-H vibrations involved in the strong hydrogen bonding scheme; the band position would correspond to an O-H···O distance of roughly 2.63 Å, i.e., in good agreement with the three strong hydrogen bonds donated by Ow(1) and Ow(2) ( Table 5) . A very weak, broad peak at 1619 cm -1 could indicate the presence of molecular water (H-O-H bending mode), although it must be pointed out that Raman spectroscopy is not very sensitive for the detection of water bending modes. The triplet of very strong to weak reflections at 865, 837 and 738 cm -1 , including the shoulders at 740 and ~685 cm -1 , are characteristic of vibrational modes of an AsO 4 tetrahedron in a low-symmetry environment. The very weak features at ~1069 and 996 cm -1 may also belong to these modes. Most of the strong to weak, partly overlapping peaks below 500 cm -1 (490, 439, 411, 390, ~367, 352, 315, ~295, 271, 221, 212, 188, 171, 149 and 131 cm -1 ) are assignable to lattice modes including vibrations of the bonds in the Cu-and Mg-O polyhedra. The low symmetry of guanacoite and the low site symmetries of almost all its atom positions allow a large number of modes to be Raman active, making exact band assigments difficult. 
